An active monitoring (caging experiment) and a passive monitoring (sampling of wild fish) were performed to investigate the effects of effluent from a sewage treatment works (STW) on brown trout (Salmo trutta) by histopathological examinations of the skin, gill, liver and kidney. Histopathological lesions were evaluated according to a standardised assessment tool, which allows calculation of indices for every organ. According to the results of both monitorings, trout exposed to river water supplemented with treated waste water from the STW Lyss showed higher histopathological indices than trout caught upstream of the discharge point of the STW or kept in river water only. These results indicate a negative effect of treated waste water from the STW on the histopathological status of the examined organs of brown trout. Both monitoring approaches revealed the liver to be the most affected organ compared with reference fish. However, data from the two monitoring approaches were not completely consistent: histologically the gills were the most sensitive organ to the effects of treated waste water in the active monitoring, but were not affected in the passive monitoring. The data provide relevant information about both the comparability and the pros and cons of the two monitoring approaches to assess effects of pollution on histopathological alterations in fish.
Introduction
In many parts of Switzerland fish populations, especially of brown trout, are decreasing (Pedroli et al., 1991; Frick et al., 1998; Friedl, 1999; Burkhardt-Holm et al., 2002) . The river 'Alte Aare', a medium-sized river in the Swiss midlands, is among the affected water courses. In this river, the fish population was shown to be in decline from the 1960s to the 1980s (Ru¨fenacht & Spo¨rri, 1988) . In the 1990s, annual censuses revealed a reduction of the fish stock by 85% over 5 years (Fisheries Authorities of Berne, unpublished data). The river Alte Aare serves as a recipient for treated waste water effluent from the sewage treatment works (STW) Lyss (population equivalent of the period 1995-1997: 59 000-65 000). According to the saprobial index, the water of the river downstream of the discharge point is critically polluted (Aquaplus, 1993) . According to unpublished data of the Water and Soil Protection Laboratory in Berne, between 1995 and 1997 BOD 5 (biological oxygen demand), COD (chemical oxygen demand) , and the amount of total insoluble substances in the effluent often exceeded the water quality targets of the water pollution control decree (GSchV, 1998 ; see also Table 2 ). The nitrification (1-17%) and denitrification (17-20%) of the STW were insufficient to attain the water quality targets for ammonia in the river (GSchV, 1998 ; see also Table 2 ). Concentrations of polycyclic hydrocarbons (acenaphten, acenaphtylen, anthracen, fluoranthen, fluoren, naphthalin, penanthren, pyren) and synthetic pyrethroids (permethrine) were measured in the effluent within the ng l )1 range. In a few cases, aromatic hydrocarbons (toluol), phenols (nonylphenoles), halogenated alkanes (dichlormethane, trichlormetane) and halogenated alkenes (tetrachlorethene) were detected within the lg l )1 range. Considering the number of harmful substances and their concentration, the pollution of the river due to effluent from the STW Lyss is assumed to have a detrimental impact on the resident fish population.
Water pollution has already been suggested in the 1970s to be detrimental to fish health in general (Snieszko, 1974; Sindermann, 1979) . However, a clear link between pollution and diseases in wild fish (e.g. skeletal deformities caused by effluent from paper and pulp mills (Lindesjo¨o¨& Thulin, 1990) ) is difficult to establish in the field. Histopathology has been used as a biomarker to reveal the effects of pollution in laboratory experiments (e.g. Wester & Canton, 1991; Schwaiger et al., 1992) as well as field investigations (e.g. Schwaiger et al., 1997; Teh et al., 1997) . Histopathology is a suitable indicator to detect and localise toxic effects of substances (McCarthy & Shugart, 1990; Huggett et al., 1992) , but the effects are usually not specific for a particular substance or class of substances. However, only a few studies have been carried out to investigate histopathological effects of STW effluent in freshwater fish (e.g. Mitz & Giesy, 1985; Carline et al., 1987; Bucher & Hofer, 1993; Burkhardt-Holm et al., 1997; . Theoretically, alterations in organs can directly or indirectly influence fish populations since they (1) can parallel negative effects on the performance of fish (Burrows, 1964) , (2) can enhance the susceptibility to secondary diseases (Couillard et al., 1988) or (3) potentially cause fish mortality (Welch & Lindell, 1980) . The aim of this study was to investigate the effects of treated waste water from the STW Lyss on the skin, gill, liver and kidney. These organs have been proven to be indicative of pollution (e.g. Meyers & Hendricks, 1985; Hinton & Laure´n, 1990) . However, given the difficulties in evaluating the effects of water pollution on fish health as well as the pros and cons of different approaches, we used two different approaches to get several lines of evidence. In the first approach, trout were caged in the river (active monitoring). The advantages of this method are standardised conditions as far as possible, adjustable exposure time, known origin and health status of the fish and the possibility of surveying fish during the experiment. In the second approach, wild fish in the river were investigated (passive monitoring). The advantages of this method are that effects can be studied in fish showing adapted behaviours (e.g. avoidance, feeding) and physiology whilst living under natural conditions in a polluted system. Besides evidence for effects of treated effluents on fish histology, we expect data of both monitorings to provide valuable information about the comparability of results derived from these two commonly used approaches.
Materials and methods
The river Alte Aare has a residual water-flow of 3.5-4 m 3 s )1 , regulated by a hydroelectric power station about 8 km upstream of the STW. Between the power plant and the STW only a few small tributaries flow into the river Alte Aare. The dilution ratio of treated waste water (0.2 m 3 s )1 ) at the point of discharge is approximately 1:20.
The experiments were carried out between May 1995 and April 1997. In the active monitoring, two cages (1.2 · 0.8 · 0.5 m) built of perforated aluminium were deployed in the river. Into one cage, placed 20 m above the discharge point of the STW, treated waste water was continuously pumped (hereafter called WW (waste water)-group). The resulting dilution of waste water in the cage corresponded with that of the waste water dilution at the point of discharge into the river. Being situated downstream of the rainwater overflow of the STW, this cage additionally received untreated waste water in the case of heavy rainfall (Table 1) . The second cage (hereafter called RW (river water)-group) was placed upstream of the discharge point of the STW and the WW-cage. Therefore, fish were exposed to river water only. During the first stocking, this cage was located below the rainwater overflow. For the subsequent stockings, this cage was fixed 50 m upstream of the rainwater overflow. During the experiments, water temperature over the year ranged from 3 to 20°C and oxygen concentration from 4 to 14 mg l )1 in each cage. Mean temperature and oxygen differences between the cages were £0.5°C and £1.0 mg l )1 , respectively. Further physiochemical water data as well as the location of the sites are summarised in Table 2 .
One-year-old brown trout obtained from a governmental fish farm were placed into the cages. Four stockings were performed, each of them exposing 40 fish, except the first stocking where 80 trout were exposed. At the beginning of the stockings, average fish weight was 20-75 g (Table 1). As a reference, brown trout of the same origin and age were kept in commercial tap water at the laboratory in a 2000-l fibreglass tank (approximately 200 trout per tank). All fish were fed commercial trout pellets (Hokovit, Bu¨tzberg, Switzerland) three times a week, with a ration equal to 1-2% of body weight. In general, every second month, five fish from each cage were randomly sampled. Samplings and exposure time of fish are shown in Table 1 . Sampling of the reference fish (five fish per sampling) was performed in June and October 1995 , October 1996 and February 1997 In the passive monitoring, wild brown trout were caught by electrofishing in the river. The sampling sites were located upstream (hereafter called UP-group) and downstream (hereafter called DOWN-group) of the discharge point of the STW. Four samplings took place between August 1995 and January 1997. Between 5 and 14 wild fish were collected per sampling site (Table 3 ). The sites, their locations and physiochemical conditions of the water at the respective sites are summarised in Table 3 .
Sampled fish were euthanised in Tricaine Methanesulfonate (Argent Chemical Laboratories, Redmont, USA), then weighed and measured. Pieces of skin (laterally in front of the dorsal fin), gill, liver and kidney (under the dorsal fin) were fixed in Bouin's solution for 24 h, cut into 5 lm thick sections and stained with haematoxylin-eosin (HE) for general histological evaluation and periodic acid-schiff (PAS) for identification of neutral carbohydrates and glycoproteins (e.g. deposits, Exposure time of fish at samplings are given in parentheses (weeks). Additionally, number of days and volumes of raw waste water discharging due to the rainwater overflow of the STW are shown. Except for the first stocking, only WW-trout were additionally exposed to untreated waste water from the rainwater overflow. a No fish left due to mortality in the cage (see Bernet et al., 2001 ). b One fish out of cage RW and five fish out of cage WW. 
Active monitoring hyalinised glomeruli). Histopathological changes of the four organs were assessed according to a standardised assessment tool . Briefly, the lesions are classified into five reaction patterns: circulatory, regressive, progressive, inflammatory and neoplastic. Every alteration has an importance factor ranging from 1 to 3. This factor characterises the pathological relevance. The degree and extent of an alteration is assessed using a score value ranging from 0 to 6. For every organ, an organ index is calculated by the sum of the multiplied importance factors and score values of all alterations found within the examined organ. The sum of all four organ indices per fish results in a total index (Tot-I) for the respective fish. The higher the index values, the more severe the organs are affected. Sampled fish were investigated bacteriologically, virologically and parasitologically (results are published in Bernet et al., 2001 ). This allowed us to distinguish between pollution-associated and infection-associated organ lesions.
Statistical analysis
Due to the limited sample size, group differences at each sampling time of the four stockings of the active monitoring were calculated with the nonparametrical Mann-Whitney U test (Fig. 1 ). For further statistical analyses, the four stockings in the active monitoring were analysed as repeated measures, thus with a larger sample size for the different groups. After testing for normal distribution of the data we were able to use a multifactorial analysis of covariance (MANCOVA) for the histopathological indices of the trout from the active monitoring, to test the influence of water quality and exposure time. Pairwise comparisons between means were performed using least-squaremeans (LSM) adjustments. In the passive monitoring, differences of the histopathological indices between the two sites were tested using a MannWhitney U test. For histopathological alterations, relative risk (prevalence ratio) values were calculated dividing the prevalence of an alteration of WW-fish by the respective prevalence of RW-fish (active monitoring), and DOWN-fish by UP-fish (passive monitoring), respectively. These were tested using v 2 -test according to Pearson, Mantel and Haensel (Sachs, 1999) . For all statistics, a p value of £0.05 was considered as significant, with a Bonferroni correction used in cases of multiple testing with the non-parametrical tests.
Results

Active monitoring
Generally, Tot-I values were higher in WW-trout than in RW-trout, indicating that histopathological Table 3 . Passive monitoring: location of the sampling sites (UP = wild fish upstream from the inflow of treated effluent from the STW; DOWN = wild fish downstream from the inflow of treated effluent from the STW) and number, length, weight and sex of the sampled fish (juv = juvenile) lesions in waste water exposed trout were more pronounced than in trout caged in river water (Fig. 1) . However, differences between the Tot-I values of WW-trout and RW-trout were only significant at one sampling in each of the four stockings (Mann-Whitney U test; p < 0.05; Fig. 1 ). The exposure time was not crucial for significant differences. When the four different stockings per group were considered as repeated measures (and thus taken as one group for statistical analyses), both groups (WW-and RW-group) revealed significantly higher Tot-I than the reference group (MANCOVA; LSM; p ¼ 0.0001; Table 4 ). On the organ index level, the only significant difference between WW-trout and RW-trout was observed in the gills (MANCOVA; LSM; p ¼ 0.0001; Table 4 ). With the exception of the skin index, all organ indices of WW-and RW-trout were significantly higher than the corresponding values of the reference group (MANCOVA; LSM; p £ 0.015). The liver indices of the WW-trout (268%) and of the RW-trout (239%) showed the most distinctive percentage increase compared with the value of the reference group.
In respect to the duration of exposure, a significant positive correlation was found for the Tot-I (MANCOVA; T ¼ 5.33; p ¼ 0.0001), the gill index (MANCOVA; T ¼ 6.03; p ¼ 0.0001), the liver index (MANCOVA; T ¼ 3.79; p ¼ 0.0002) and, less pronounced, also for the kidney index (MANCOVA; T ¼ 2.42; p ¼ 0.017). The skin index decreased slightly with increased exposure time (MANCOVA; T ¼ )2.41; p ¼ 0.017). Apart from a slight partial correlation between the liver and the kidney index (r ¼ 0.19; p ¼ 0.03), no interactions between the indices were found.
Skin
In all groups, a slightly irregular structure of the basal cell layer and leukocyte infiltration was observed. Epithelial cells in 25% of WW-and RWfish showed irregular shaped nuclei (Fig. 2e ) and in 10% of the fish, the cytoplasm of the epithelial cells was granulated.
Gill
Epithelial cell lifting, infiltration of the gill epithelium, epithelial hypertrophy and hyperplasia, alterations in the epithelial cytoplasm (Fig. 2b) , slight deformations of the primary and secondary lamellae and fusion of adjacent lamellae (Fig. 2c) were more prevalent and more pronounced in WW-trout and RW-trout than in the reference fish. WW-trout also exhibited a significantly higher relative risk (prevalence ratio) of plasma alterations in the epithelial cells, deformation of the primary and secondary lamellae, hyperplasia of the epithelium and fusion of adjacent lamellae than RW-trout (Table 5) . Furthermore, these lesions were more pronounced in WW-trout. 
Liver
Some fish of the reference group showed slight structural disorder of the hepatocytes, granular cytoplasm and mild inflammatory reactions. In WW-and RW-trout, these alterations were more severe and more frequent. Additionally, necrosis of hepatocytes (Fig. 2g) , pericholangiar proliferation of fibroblasts with lymphocytic infiltration (Fig. 2h ) and an increase in number and size of Kupffer cells of the reticulo-endothelial system (RES) were noted. Twenty-five percent of WWand RW-trout revealed nuclei alterations (i.e. pyknosis, karyomegaly) of the hepatocytes. Sixty percent showed small foci of infiltrated lymphocytes and macrophages. In 3% of WW-trout, PKX cells accompanied by a mild to moderate fibrosis and a lymphohistiocytic infiltration were seen. Compared with RW-trout, WW-trout exhibited increased (partly significant) relative risk (prevalence ratio) of structural disorder, necrosis of hepatocytes, pericholangiar proliferation of fibroblasts and an increase in number and size of Kupffer cells of the RES (Table 5) .
Kidney
In fish of all groups, kidney alterations consisted mainly of plasma alterations in tubular cells (e.g. hyaline droplet degeneration), glomeruli and interstitial tissue, deposits in tubules and in the interstitial tissue (Fig. 2j) , as well as thickening of Bowman's capsular endothelium and fibroblast proliferation around tubules. However, in reference fish, these alterations were less prevalent and less pronounced than in WW-and RW-trout. Among these alterations, only hyalinous deposits in the tubules and in the interstitial tissue occurred to a higher extent in WW-trout than in RW-trout (Table 5 ). In 12% of the WW-trout and 9% of RW-trout, PKX cells were detected, associated with a mild to severe proliferation of the interstitial tissue.
Passive monitoring
In three of four samplings, fish from downstream of the point of STW discharge showed higher histological lesions (Fig. 3) . At the sampling in Table 4 . Values (means ± SD) of the five histopathological indices of the active monitoring groups (WW-group = fish exposed to treated waste water from the STW diluted with water of the river; RW-group = fish kept in river water; TW-group = reference fish held in tap water) and the passive monitoring groups ( Total index 15.6 ± 5.6 30.3 ± 9.5 a (94%) 36.8 ± 9.5 a,b (136%) 34.2 ± 9.9 c (119%) 40.0 ± 9.6 c (156%) Skin index 2.0 ± 0.9 2.9 ± 2.2 (45%) 2.8 ± 1.8 (40%) 2.4 ± 2.2 (20%) 3.3 ± 1.9 (65%)
Gill index 6.6 ± 3.0 9.2 ± 3.2 a (39%) 14.2 ± 4.7 a,b (115%) 9.0 ± 2.7 (36%) 9.7 ± 2.7 e (47%)
Liver index 3.1 ± 2.9 10.5 ± 4.9 a (239%) 11.4 ± 4.7 a (268%) 14. January 1997, these differences were significant (Mann-Whitney U test; U ¼ 31.0; p ¼ 0.02).
Taking together the data of the four samplings, differences of Tot-I between trout from DOWNgroup and fish caught upstream the STW discharge become significant (Mann-Whitney U test; U ¼ 609.5; p ¼ 0.024; Fig. 4 ). Indices of all four organs were higher in DOWN-trout, however, the values did not differ significantly ( monitoring. However, in the skin, fish from downstream of the STW had a significantly higher relative risk (prevalence ration) of nuclear alterations in epithelial cells than fish from upstream (Table 5 ). In the gills, no lamellar fusions were present. As in the active monitoring, fish from downstream of the STW had a significantly higher relative risk of plasma alterations of gill epithelial cells than fish from upstream of the STW (Table 5 ). In addition to liver lesions seen in the active monitoring, haemorrhages (8% of UP-and DOWN-trout), nuclei alterations in bile duct cells (11% of UP-trout) and slight cirrhosis (12% in UPand 9% in DOWN-trout, respectively) occurred. In the kidney, deposits in the tubules and in the interstitial tissue were more prevalent in UP-trout (Table 5) .
Active monitoring vs. passive monitoring
In both monitorings, sewage water exposed trout (WW-group of the active monitoring and DOWNgroup of the passive monitoring) showed significantly higher Tot-I values than trout exposed to river water (RW-group of the active monitoring and UP-group of the passive monitoring) (Table 4 and Fig. 4) . The Tot-I values of trout from the UP-group (passive monitoring; median value: 35) corresponded with those from the RW (active monitoring; median value: 31) and did not differ significantly from each other (Mann-Whitney U test; U ¼ 785.5; p > 0.05). This was also true for trout from the DOWN-group (passive monitoring; median value: 40) compared with trout from WWgroup (passive monitoring; median value: 36). Nevertheless, despite of adequate Tot-I values, trout from the two approaches responded differently to the water quality on the level of the organ indices: Compared with STW exposed trout from the active monitoring (WW-trout), trout from the passive monitoring downstream of the STW discharge (DOWN-group) showed significantly less gill alterations, but significantly higher liver and kidney alterations (Table 4 ). This was also true for RW-trout compared with UP-trout, however, the differences were only significant for the liver alterations.
Discussion
The results of both monitoring approaches indicate that river water without supplemented waste water from the STW Lyss caused marked histopathological lesions in trout. In fact, there are five additional STWs within 40 km upstream of the discharge of the STW Lyss, deteriorating the water quality of the river Alte Aare. The effluent from the STW Lyss, however, significantly enhanced the histopathological alterations of exposed fish. This significant negative effect of treated waste water from the STW on fish organs was revealed by both monitoring approaches. However, despite this the Tot-I values of the corresponding groups in both approaches were approximately equivalent, reflecting different responses of the four organs Figure 4 . Total indices of the active monitoring groups (TW-group ¼ reference fish held in tap water (n ¼ 20); RW-group ¼ fish kept in river water (n ¼ 57); WW-group ¼ fish exposed to treated waste water from the STW diluted with water from the river (n ¼ 61)) and the passive monitoring groups (UP-group ¼ wild fish from upstream (n ¼ 35); DOWN-group ¼ wild fish downstream from the inflow of effluent from the STW (n ¼ 26)). * Denotes significant differences within the active monitoring (MANCOVA; LSM; p £ 0.0001); ** Denotes differences within the passive monitoring (Mann-Whitney U test; p ¼ 0.024).
within the two monitorings: In the active monitoring, marked gill lesions were observed. The gills turned out to be the most indicative organ to reveal significant differences between waste water and river water exposed trout of the active monitoring. In contrast, the two groups of the passive monitoring showed not significantly different and rather mild gill lesions, but more pronounced liver and kidney indices. We suggest that these inconsistencies of the histopathological results of the two approaches may partly be due to methodological peculiarities. The advantage of the active monitoring lies in a high degree of standardisation (same age and origin, as well as known history and health status of the exposed fish at the beginning of the experiment) and controlled conditions. However, caging experiments are adversely affected by artificial feeding (biomagnification of contaminants does not occur), limited exposure times, unnaturally high densities (especially unfavourable for nonschooling fish species like brown trout) and caging stress. Caging is suboptimal for brown trout as far as the biological and ethological requirement of this species is concerned. It could be expected that the resulting caging stress induced strong disturbance of the hydromineral equilibrium and that for instance when working hard to maintain this equilibrium, the gills are more sensitive to chemicals in caged fish (active monitoring) than in wild fish (passive monitoring).
Aspects of the passive monitoring may also have contributed to the histopathological differences. Wild fish may avoid acute pollution peaks of sewage which at first runs in a plume downstream as it gradually mixes with the river water. Thus wild fish, when escaping the plume, can reduce both the concentration and length of their exposure, whereas caged fish are unable to avoid the water charged with pollutants. Passively monitored wild fish also (I) show higher interindividual variability (e.g. due to variable ages, genetic predisposition) than the more homogenous group of experimental fish used in the active monitoring; (II) are able to migrate. The location where they are caught is therefore not necessarily a site they have inhabited for a long period, thus they might have been exposed to a different water quality; (III) have a unknown history (feeding grounds, migrations, territories etc.). However the primary advantage of the passive monitoring is that the organisms investigated have had a long term exposure to the 'real' environment with all influencing factors including contamination, with all the different living-spaces available for the fish, natural fish densities and food-chain (biomagnification). We suppose, that the more pronounced liver and kidney indices diagnosed in wild fish compared with caged fish may firstly be due to biomagnification processes of contaminants in the food-chain of wild fish, and secondly to the longer exposure time. The positive correlation of the liver and kidney indices of the actively monitored fish with exposure time indicates that higher liver and kidney indices could be reached with longer exposure times, possibly approaching the degree of alterations observed in wild trout.
The liver showed the most distinctive alterations compared with the slight histological liver lesions in the reference trout. The liver index of waste water exposed WW-trout or trout caught downstream of the STW effluents was 268 and 426% of that from the reference group, respectively. This is in accordance with the results of who reported an increase of up to 228% in trout exposed to treated sewage for 8 months compared with reference trout held in tap water. Pericholangiar fibrosis with lymphohistiocytic infiltration was a prevalent lesion (wild fish: >80%; caged fish in the river: >44%). The effluents from the STW increased intensity and relative risk (prevalence ratio) for trout to acquire this lesion. This is in accordance with the results of Myers et al. (1994b) , who found a higher relative risk value for pericholangiar fibrosis with increasing pollution. This lesion is not pathognomic for a specific substance, but is a common feature of irritation of the bile ducts by xenobiotics (Hinton & Laure´n, 1990) . It has been diagnosed in fish exposed to treated sewage (e.g. , to pulp and paper mill effluents (e.g. Adams et al., 1996; Teh et al., 1997) and in fish living in water contaminated with polychlorinated biphenyls (PCB), polycyclic aromatic hydrocarbons (PAH) and DDT (e.g. Myers et al., 1994a) . Necrosis, structural changes of hepatocytes and activation of the RES were additional lesions that occurred more often in trout exposed to sewage than in trout of the other groups. Necrotic and inflammatory processes, also found in the present study, have been described in fish exposed to PCB, PAH and pesticide polluted water Schwaiger et al., 1997) , to pulp and paper mill effluents (Adams et al., 1996) and to treated sewage (Bucher & Hofer, 1993) . However, these alterations are also not specific for a certain substance (Meyers & Hendricks, 1985) .
In accordance with Couillard et al. (1988) and Brueggemann et al. (1995) , who reported the gills to be the most sensitive organ to reveal histopathological effects of treated waste water, the most distinctive difference between the groups of the active monitoring was present in the gills. Alterations enhanced by discharged effluents from the STW were plasma alterations in epithelial cells, deformation of the lamellae, hyperplasia of the epithelium and fusion of lamellae. All these lesions are not pathognomic for a particular substance, but occur under a wide range of irritant-exposure conditions (Mallatt, 1985; Hinton & Laure´n, 1990) . However, hyperplasia of the epithelial cells has been repeatedly associated with NH 3 (e.g. Smith & Piper, 1975; Carline et al., 1987; Lang et al., 1987; Narain et al., 1990) and NO 2 (e.g. Michael et al., 1987) . In our study, most measurements of these compounds revealed levels above the threshold values of the sewage effluents (see Table 2 and Escher et al., 1999) . Monthly measurements during the study, performed approximately two kilometres downstream of the outlet, revealed NH 3 values of 0.032-0.177 mg l )1 . Such concentrations of NH 3 are known to have deleterious effects on gill histology: Smith & Piper (1975) reported severe hyperplasia of epithelial cells following a 6-12 months exposure of rainbow trout to 0.017 mg l )1 NH 3 . Carline et al. (1987) found gill damage in brown trout exposed to 0.004-0.055 mg l )1 NH 3 during 12 months. According to Alabaster & Lloyd (1982) a threshold value of 0.025 mg l )1 NH 3 for chronic exposure of fish is acceptable. NO 2 levels in the river downstream of the STW ranged from 0.100 to 0.296 mg l )1 . The toxicity of NO 2 is highly dependent on the chloride concentration in the water. The acute toxicity of NO 2 at a chloride concentration of 8-10 mg Cl ) l )1 , the average measured downstream the STW discharge, lies between 12.17 and 39.8 mg l )1 . Thus the concentration measured in the river is far below the values known to have lethal effects on the fish (Mu¨ller, 1990) , and even remained lower than the concentrations which had no observable effect (NOEC) (for 8-10 mg Cl ) l )1 : 0.3-0.7 mg l )1 ). In conclusion, the results of the present paper indicate an effect of the water quality on the histopathological status of the examined organs of brown trout. In both monitorings, trout exposed to river water supplemented with treated waste water of the STW Lyss showed higher histopathological indices than trout caught upstream of the discharge point of the STW or kept in river water only. This indicates that either irritants in the waste water effluents (e.g. toxicants, insoluble substances), or changed environmental conditions due to the effluents from the STW (e.g. temperature, dissolved oxygen, pH) had a detrimental impact. However, even river water upstream of the STW induced liver alterations, and to a lesser extent gill and kidney lesions. This suggests that the river water itself is polluted, probably due to STW in the upper parts of the river system (see Bernet et al., 2001) .
Although both monitoring approaches clearly revealed a deleterious effect of discharged effluents from the STW, data from the two monitoring approaches showed only partial comparability: In wild fish, the liver was the most affected organ and showed distinctive differences between the two groups. In caged fish, the gills were the most sensitive organ to reveal histopathological effects of treated waste water. Because of the difficulties to tease out detrimental effects of chemicals and substances on fish health and/or biology (due to multitude of environmental variables, inherent attributes of fish biology, huge variability in fish responses, etc.), it is necessary to take a 'weight of evidence approach' using several lines of evidence (Rolland, 2000) , as for instance realised in using two approaches in the presented study. However, from a practical perspective, if only a single monitoring approach is possible, we would propose a passive monitoring if, (I) it is the aim to investigate the health status of a resident fish population, (II) the responses to the 'real' environmental contamination (including long-term exposure, biomagnification etc.) should be investigated, (III) the wild fish population is large enough to allow samplings of fish with enough specimens of comparable size and sex, (IV) the biomarkers to be measured are known to react sensitively to caging stress (e.g. sex-steroids, Munkittrick et al., 1998) . In contrast, active monitorings are advantageous if, (I) biomarkers with high interindividual responses are to be investigated, because fish of same origin and age, or even genetically narrowly related can be exposed, (II) short-term responses will be investigated which can reveal effects of stressors within a short exposure period, (III) standardised conditions, and the elimination of confounding factors are important for the interpretation and evaluation of the data.
In this study, it was not possible to establish a causal link between histological lesions and a specific irritant. Among the chemicals detected in the river and in the effluents from the STW, unionised ammonia (NH 3 ), partly exceeding the threshold values, is a probable causes for the histopathological lesions.
